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(57) ABSTRACT

A monitor system for an inventoried battery includes at least
one battery pack; at least one embedded monitor subsystem
interfacing with the battery pack, the embedded monitor sys-
tem adapted to acquire sensor data from the battery pack; and
at least one archival data storage system interfacing with the
embedded monitor subsystem, the archival data storage sys-
tem adapted to archive the sensor data. A method of monitor-
ing a stored battery is also disclosed.

20 Claims, 2 Drawing Sheets

110
100 106
] ' 121 {J r—113
BN WIRELESS ACCESS
STORAGE CONTAINER \ DEVICE
\ r—llZ
BATTERY PACK 104\./{
102 DATA COLLECTION
— EMBEDDED COMPUTER
MONITOR
Bf(():;d SUBSYSTEM
w 103
1
101/

DATABASE

111



U.S. Patent Mar. 15, 2016 Sheet 1 of 2 US 9,285,430 B2

110
100 106
\W 121 {J (_113
~ { WIRELESS ACCESS
STORAGE CONTAINER \ DEVICE
\ r—112
BATTERY PACK 104\/{
102 DATE COLLECTION
== EMBEDDED COMPUTER
MONITOR
BECM SUBSYSTEM
107 103
| g
101— ¥
DATABASE 111
FIG. 1
103
120
8 ANTENNA
TO BECM 122
WAKE UP | F\AM
(PSR OR SINGLE BOARD
CHARGER) COMPUTER
123 WITH CAN
TO BECM AND WIFI
CAN 124
TOBECM r
12V POWER
12V
BATTERY [ 12

FIG. 2



U.S. Patent

Mar. 15, 2016 Sheet 2 of 2

103

L\

( sTART  )~_202

'

DISTRIBUTE FLOW OF
ELECTRICAL CURRENT TO
BATTERY PACK

204

'

MAINTAIN BECM OF
BATTERY PACK IN ALERT
MODE

206

'

ACQUIRE SENSOR DATA
FROM BATTERY PACK
DURING STORAGE

208

y

POWER OFF BECM

210

'

TRANSMIT SENSOR DATA

212

'

ARCHIVE DATA

214

FIG. 3

US 9,285,430 B2



US 9,285,430 B2

1
MONITOR SYSTEM AND METHOD FOR
STORED BATTERY

FIELD

Tlustrative embodiments of the disclosure generally relate
to battery packs for hybrid electric vehicles (HEVs) and elec-
tric vehicles (EVs). More particularly, illustrative embodi-
ments of the disclosure relate to a monitor system and method
in which sensor data is obtained from a stored battery.

BACKGROUND

Sensor data from battery packs in storage are not collected
and analyzed. The stored battery packs may undergo some
degree of environmental cycling and aging. From an engi-
neering standpoint, sensor data which is acquired from stored
battery packs may be beneficial to an understanding of battery
cells and the battery pack as a system for such purposes as
battery pack maintenance and future battery pack engineer-
ing.

Accordingly, a monitor system which monitors and
acquires sensor data from a stored battery may be desirable
for some applications.

SUMMARY

Tlustrative embodiments of the disclosure are generally
directed to a monitor system for an inventoried battery. The
system includes at least one battery pack; at least one embed-
ded monitor subsystem interfacing with the battery pack, the
embedded monitor system adapted to acquire sensor data
from the battery pack; and at least one archival data storage
system interfacing with the embedded monitor subsystem,
the archival data storage system adapted to archive the sensor
data.

Tlustrative embodiments of the disclosure are further gen-
erally directed to a method of monitoring a stored battery. An
illustrative embodiment of the method includes acquiring
sensor data from at least one battery pack during storage of
the battery pack and archiving the sensor data.

BRIEF DESCRIPTION OF THE DRAWINGS

Illustrative embodiments of the disclosure will now be
described, by way of example, with reference to the accom-
panying drawings, in which:

FIG. 1 is a block diagram of an illustrative embodiment of
a monitor system for stored battery;

FIG. 2 is a block diagram of an exemplary embedded
monitor subsystem according to an illustrative embodiment
of'a monitor system for stored battery; and

FIG. 3 is a flow diagram of an illustrative embodiment of a
monitor method for a stored battery.

DETAILED DESCRIPTION

The following detailed description is merely exemplary in
nature and is not intended to limit the described embodiments
or the application and uses of the described embodiments. As
used herein, the word “exemplary” or “illustrative” means
“serving as an example, instance, or illustration.” Any imple-
mentation described herein as “exemplary” or “illustrative” is
not necessarily to be construed as preferred or advantageous
over other implementations. All of the implementations
described below are exemplary implementations provided to
enable persons skilled in the art to practice the disclosure and
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are not intended to limit the scope of the appended claims.
Moreover, the illustrative embodiments described herein are
not exhaustive and embodiments or implementations other
than those which are described herein and which fall within
the scope of the appended claims are possible. Furthermore,
there is no intention to be bound by any expressed or implied
theory presented in the preceding technical field, background,
brief summary or the following detailed description.

Referring initially to FIG. 1, an illustrative embodiment of
a monitor system for a stored battery, hereinafter monitor
system, is generally indicated by reference numeral 100. The
monitor system 100 may include at least one storage con-
tainer 101. The storage container 101 may contain at least one
battery pack 102. In some embodiments, the battery pack 102
may beused as asource of electrical power in a hybrid electric
vehicle (HEV) or electric vehicle (EV), for example and
without limitation. A BECM (Battery Energy Control Mod-
ule) 107 may be provided within the battery pack 102. Atleast
one embedded monitor subsystem 103 may interface with the
BECM 107 in the storage container 101. The embedded
monitor subsystem 103 may include a transmitter antenna
104 which transmits wireless signals 106 for purposes which
will be hereinafter described.

At least one archival sensor data storage system 110 may
communicate with the embedded monitor subsystem 103.
The archival sensor data storage system 110 may include a
wireless access device 113 having a receiver antenna 121
which receives the wireless signals 106 transmitted by the
transmitter antenna 104 of the embedded monitor subsystem
103. A central sensor data collection computer 112 may inter-
face with the wireless access device 113. An archival sensor
database 111 may interface with the central sensor data col-
lection computer 112. Accordingly, in operation of the moni-
tor system 100, which will be hereinafter further described,
the embedded monitor subsystem 103 acquires sensor data
from the BECM 107 of the battery pack 102 during storage of
the battery pack 102. The transmitter antenna 104 of the
embedded monitor subsystem 103 transmits the sensor data
via the wireless signals 106 to the wireless access device 113.
The central sensor data collection computer 112 obtains the
sensor data from the wireless access device 113. The archival
sensor database 111 stores and archives the sensor data from
the central sensor data collection computer 112 to support
data mining and analysis for such use as battery pack design
and maintenance, for example and without limitation. The
transmitted sensor data may include the voltage or state of
health of the battery pack 102.

Referring next to FIG. 2, an exemplary embedded monitor
subsystem 103 of the monitor system 100 is shown. The
embedded monitor subsystem 103 may include a subsystem
computer 120 which may include a single board computer
with CAN and wireless connection capability such as a WiFi
connection, for example and without limitation, to the BECM
107 of the battery pack 102. The transmitter antenna 104 may
interface with the subsystem computer 120. A BECM wakeup
(Power Sustain Relay or charger) connection 122 may inter-
face with the subsystem computer 120 and with the BECM
107 of the battery pack 102 (FIG. 1). ABECM CAN connec-
tion 123 may interface with the subsystem computer 120 and
the CAN (Controller Area Network) of the BECM 107. At
least one subsystem battery 125 may interface with the sub-
system computer 120. The subsystem battery 125 may be a
12V battery, for example and without limitation, and may be
sized to provide power to the BECM 107 and subsystem
computer 120 for the anticipated storage period. A BECM



US 9,285,430 B2

3

power connection 124 may interface with the subsystem com-
puter 120 and the subsystem battery 125 and with the BECM
107.

In exemplary application of the monitor system 100, the
subsystem computer 120 of the embedded monitor subsystem
103 will periodically wake the BECM 107 of the battery pack
102 in a normal mode via the BECM wakeup connection 122
during storage of the battery pack 102. The subsystem com-
puter 120 will maintain the wakeup signal to the BECM 107
for a period sufficient for the BECM 107 to initialize and
acquire sensor data from the Battery Pack 102. The subsystem
computer 120 will monitor the CAN of the BECM 107 via the
BECM CAN connection 123 while the BECM 107 is awake.
The subsystem computer 120 may also query the BECM 107
for results of the BECM’s self-diagnostic routines over CAN.

Via the BECM CAN connection 123, the CAN of the
BECM 107 transmits sensor data which relates to the envi-
ronmental cycling and aging of the battery pack 102 and
BECM diagnostic data to the subsystem computer 120 of the
embedded monitor subsystem 103. The subsystem computer
120 then allows the BECM 107 to shutdown by de-asserting
the wakeup signal via the BECM Wakeup connection 122,
thus conserving subsystem battery 125 power. The subsystem
computer 120 transmits the acquired sensor data via the trans-
mitter antenna 104, the wireless signals 106, the receiver
antenna 121 and the wireless access device 113 to the central
sensor data collection computer 112. The central sensor data
collection computer 112 may archive the sensor data in the
archival sensor database 111 to support data mining and
analysis by appropriate personnel. The personnel may utilize
the sensor data in real-time for the maintenance of existing
battery packs 102 and/or the future engineering and design of
battery packs 102, for example and without limitation.

In some embodiments, the interval for waking the BECM
107 may be 30-60 minutes or longer. The interval may be
implementation-driven based upon packaging, storage dura-
tion, battery sizing and the electrical loads of the BECM 107
and embedded monitor subsystem 103. In some embodi-
ments, the interval may be based on an algorithm that may
decrease the interval (acquire data more frequently) if analy-
sis of the acquired data begins to trend abnormally.

Referring next to FIG. 3, a flow diagram 200 of an illus-
trative embodiment of a monitor method for inventoried bat-
tery is shown. The method begins in block 202. In block 204,
a flow of electrical current is distributed to a battery pack. In
block 206, the BECM of the battery pack is maintained in an
alert mode. In block 208, sensor data is obtained from the
battery pack during storage of the battery pack. In block 210,
the BECM is powered off to conserve power. Inblock 212, the
sensor data may be transmitted wirelessly. In block 214, the
sensor data may be archived. The archived sensor data may
support data mining and analysis for the maintenance of
existing battery packs and/or the future engineering and
design of battery packs, for example and without limitation.

In some embodiments, it may be desirable to allow the
embedded monitor subsystem 103 to periodically awaken
such as by using an internal timer (not illustrated) or alterna-
tively, via Wake on Wireless (WoWLAN), perform its func-
tion and then return to a sleep mode. Accordingly, in the flow
diagram 200 of FIG. 3, the embedded monitor subsystem 103
may initially wake up before block 204 and subsequently
power down after transmission of the data to the central data
collection computer 112 (after block 212). WoWLAN would
allow the central data collection computer 112 trigger the data
acquisition event remotely. Alternatively, in use of an internal
timer, rather than using a fixed interval, the central data col-
lection computer 112 may transmit the next desired interval to
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the embedded monitor subsystem 103 based upon data analy-
sis as was described hereinabove.

Although the embodiments of this disclosure have been
described with respect to certain exemplary embodiments, it
is to be understood that the specific embodiments are for
purposes of illustration and not limitation, as other variations
will occur to those of skill in the art.

What is claimed is:

1. A monitor system for an inventoried battery, comprising:

at least one battery pack;

at least one embedded monitor subsystem interfacing with

the at least one battery pack, the at least one embedded
monitor subsystem comprising a computer processor
configured to acquire sensor data from the battery pack,
the sensor data comprising voltage data related to per-
formance of the battery pack; and

at least one archival data storage system interfacing with

the at least one embedded monitor subsystem, the at
least one archival data storage system configured to
archive the sensor data.

2. The monitor system of claim 1 wherein the at least one
embedded monitor subsystem comprises a subsystem com-
puter and at least one subsystem battery interfacing with the
subsystem computer, the subsystem computer interfacing
with a BECM (Battery Energy Control Module), the BECM
associated with the at least one battery pack and configured to
initialize and acquire sensor data from the at least one battery
pack.

3. The monitor system of claim 2 further comprising a
BECM wakeup connection interfacing with the subsystem
computer of the at least one embedded monitor subsystem
and the BECM.

4. The monitor system of claim 2 further comprising a
BECM connection interfacing with the subsystem computer
of the at least one embedded monitor subsystem and the
BECM.

5. The monitor system of claim 2 further comprising a
BECM power connection interfacing with the subsystem
computer of the at least one embedded monitor subsystem
and the BECM.

6. The monitor system of claim 1 wherein the at least one
archival data storage system comprises a central data collec-
tion computer interfacing with the at least one embedded
monitor subsystem and an archival database interfacing with
the central data collection computer.

7. The monitor system of claim 1 wherein the at least one
embedded monitor system is configured to wirelessly trans-
mit the sensor data to the at least one archival data storage
system.

8. The monitor system of claim 7 wherein the at least one
archival data storage system comprises a wireless access
device interfacing with the at least one embedded monitor
subsystem, a central data collection computer interfacing
with the wireless access device and an archival database
interfacing with the central data collection computer.

9. A monitor system for an inventoried battery, comprising:

a storage container;

at least one battery pack in the storage container;

at least one embedded monitor subsystem in the storage

container, the at least one embedded monitor subsystem
interfacing with the at least one battery pack and com-
prising a computer processor configured to distribute
flow of an electrical current to the at least one battery
pack, including providing power to maintain a BECM
(Battery Energy Control Module) associated with the
battery pack in an alert mode, the BECM configured to
acquire sensor data from the battery pack, the alert mode
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comprising maintaining the BECM operational for at
least a time period sufficient to acquire the sensor data;
and

at least one archival data storage system interfacing with

the at least one embedded monitor subsystem, the at
least one archival data storage system configured to
archive the sensor data, the sensor data comprising volt-
age data related to performance of the battery pack.

10. The monitor system of claim 9 wherein the at least one
embedded monitor subsystem comprises a subsystem com-
puter and at least one subsystem battery interfacing with the
subsystem computer.

11. The monitor system of claim 10 further comprising a
BECM wakeup connection interfacing with the subsystem
computer of the at least one embedded monitor subsystem
and the BECM.

12. The monitor system of claim 10 further comprising a
BECM CAN (Controller Area Network) connection interfac-
ing with the subsystem computer of the at least one embedded
monitor subsystem and the BECM.

13. The monitor system of claim 10 further comprising a
BECM power connection interfacing with the subsystem
computer of the at least one embedded monitor subsystem
and the BECM.

14. The monitor system of claim 9 wherein the at least one
archival data storage system comprises a central data collec-
tion computer interfacing with the at least one embedded
monitor subsystem and an archival database interfacing with
the central data collection computer.

15. The monitor system of claim 9 wherein the at least one
embedded monitor system is configured to wirelessly trans-
mit the sensor data to the least one archival data storage
system.
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16. The monitor system of claim 15 wherein the at least one
archival data storage system comprises a wireless access
device interfacing with the at least one embedded monitor
subsystem, a central data collection computer interfacing
with the wireless access device and an archival database
interfacing with the central data collection computer.

17. A method of monitoring a stored battery, the method
implemented by a computer processor executing pro-
grammed instructions stored in non-transitory memory, the
method comprising:

the computer processor acquiring sensor data from at least

one battery pack during storage of the at least one battery
pack, the sensor data comprising battery voltage data,
the sensor data comprising voltage data related to per-
formance of the battery pack; and

archiving the sensor data.

18. The method of claim 17 further comprising distributing
flow of an electrical current to the at least one battery pack
including to power a BECM (Battery Energy Control Mod-
ule), the BECM associated with the at least one battery pack
and configured to acquire sensor data from the at least one
battery pack.

19. The method of claim 18 further comprising maintain-
ing the BECM of the battery pack in an alert mode, the alert
mode comprising maintaining the BECM operational for at
least a time period sufficient to acquire the sensor data.

20. The method of claim 17 further comprising transmit-
ting the sensor data for the archiving, the transmitting com-
prising wireless transmission.

#* #* #* #* #*



